All patients were evaluated according to a modified foot score. A radiological assessment was used in which linear and angular variables were measured including the fibulocalcaneal abutment, the height of the heel and fat pad, the angle of the arch and the lateral talocalcaneal and the lateral talar declination angles.
Fractures of the os calcis, which are intra-articular in 56% to 75% of cases, are complex injuries, with extensive damage to bone and soft tissue. 1, 2 There is no clear consensus as to the management of these difficult fractures. [3] [4] [5] Although open reduction and internal fixation is gaining in popularity, no definite superiority has been shown in the results for operative as opposed to non-operative treatment. 6 In both conservatively and surgically treated patients, 15% to 50% have pain, loss of joint mobility, and functional disability. 7 Fractures with involvement of the subtalar joint may give rise to chronic pain and permanent functional impairment. 8, 9 This is produced by subtalar incongruency, 10 a decrease in height of the calcaneus, 11, 12 a widened heel with calcaneofibular abutment and/or impingement of tendon, nerve or other soft tissue, 13 a valgus or varus hindfoot, flattening of the longitudinal arch and 'smashed heel-pad syndrome'. 14, 15 Treatment 16 then may vary from conservative to operative which may include lateral wall osteotomy, 1 subtalar arthrodesis 17, 18 with or without a bone block, 6, 8 triple arthrodesis, 3 nerve resection, and amputation. 1, 2 Malunion after non-operative treatment is more difficult to manage than isolated subtalar arthritis without malunion. Infection in an acute case is disastrous. 19 Unsatisfactory results have been described after various methods of treatment resulting in controversy as to the most appropriate management and means of salvage. 4, 6, 12, 17 We describe the outcome in patients with late complications of displaced intra-articular fractures of the os calcis ( Fig. 1) treated by a technique of fusion with correction of the subtalar joint, which restores the normal hindfoot relationship as much as possible. We have evaluated the longterm results of this method using a modified foot score (Table I ) and measurement of radiological variables. 5, 7 Patients and Methods Between 1975 and 1991, 29 patients with 31 fractures of the calcaneus were operated on using subtalar arthrodesis with correction by two of the senior authors (RKM and PPB). They had initially been treated conservatively. We were able to review 22 patients (with 23 fusions) with a mean followup of nine years (5 to 20). There were ten men and 12 women. Their mean age at the time of follow-up was 48 years (33 to 76). Of the five patients who were not reviewed, three could not be traced and two refused to be assessed because of their age. There had been no problems in these five patients when seen at follow-up after one year.
The indication for operation was severe pain and disability in an incongruent subtalar joint with a valgus deformity and lateral impingement after failed conservative treatment.
The initial trauma was a fall from considerable height in 18 patients and a car accident in four. There were two open fractures. Nine patients had had their primary conservative treatment at our hospital while the other 13 patients were referred from elsewhere.
At review, we recorded the history of the injury and treatment. We assessed all patients by a modified scoring system for pain, function and range of movement of the ankle and midfoot 7 (Table I ). This foot score includes a figure based on subjective criteria, including pain, activities of daily life and occupation, sports and recreational activities, walking distance, walking on different surfaces with or without support, and objective evaluation such as the range of movement of the ankle and the midfoot. The subjective criteria contributed 70%, and the objective 30%. A score of 90 to 100 points was considered excellent, 70 to 89 points good, 40 to 69 points fair, and 1 to 39 points poor. Diagram of a calcaneal fracture leading to medial and lateral impingement syndromes. On examination we determined the localised sites of pain and whether the subtalar bone block arthrodesis had fused. Lateral pain was defined as pain on palpation of the fibulocalcaneal area. Other sites of pain included the heel pad, the anterior tibiotalar region, the longitudinal arch, the forefoot and the tarsal tunnel. The width of the calcaneus was measured by a calibrated device. Radiological evaluation. Bilateral fractures were analysed as independent injuries. Two observers reviewed all radiographs and determined degenerative changes in the tibiotalar, talonavicular and calcaneocuboid joints compared with the normal side. In judging the tibiotalar joint we applied a radiological score according to a modification of the scale of Hermodsson. 5, 20 This consists of subdivision into four different degrees of degeneration, varying from absence of osteoarthritic changes to complete obliteration of the joint space with deformation or subluxation. We measured the fibulocalcaneal distance between the tip of the fibula and the lateral wall of the calcaneus, the height of the heel and fat pad, the angle of the arch, the lateral talocalcaneal angle and the lateral talar angle of declination. The lateral talocalcaneal angle reflects the relationship between the bones of the hindfoot (normal range 25° to 45°). 10 The lateral talar declination angle indicates the 'horizontal attitude' assumed by the talus; low values of talar declination are often seen in patients with tibiotalar impingement. The normal range of the lateral talar declination angle is 18° to 24°. 10 Lateral and AP views of both feet and ankles in the weight-bearing standing position 5, 21, 22 were standardised for reproducibility of position and magnification by a modified heel-jig. 7 A radiopaque ruler was placed centrally at the lateral malleolus in the AP radiographs and centrally at the os calcis in the lateral radiographs. The AP weightbearing view of both feet was taken with the patient standing on the cassette. The x-ray beam was centred on the midfoot and tilted 15° towards the ankle. The lateral weight-bearing radiograph of both feet was made with the film cassette positioned in contact with the medial aspect of the foot. The beam was orientated perpendicular to the foot at the level of the navicular tuberosity and 10 cm from the plane of the film. Except for the two patients who had operations on both sides the radiographs of the normal side were used for comparison (n = 21). Statistical analysis. Student's t-test was used to compare the subjective score of the modified foot score, before and after the operation (n = 22). The Mann-Whitney U test was used to compare the operated (n = 23) with the opposite side (n = 21, control group) with respect to the objective score and the various clinical and radiological variables (p < 0.05). We also examined the correlation between the modified foot score and other measurements (Table II) . Operative technique. The patient was positioned supine with the foot and ankle placed on a roll. The iliac crest and the leg were draped. Under a tourniquet, a slightly posterolateral or curved incision over the sinus tarsi was used for exposure of the subtalar joint. Variations were sometimes necessary, since the insertion of grafts might make closure of the wound difficult. The fat was excised from the sinus tarsi and the anterior and posterior sections of the subtalar joint exposed. After introduction of one and sometimes two lamina spreaders, the hindfoot height was successively corrected, removing scar tissue and residual articular cartilage, together with part of the subchondral bone, to receive the grafts. In a valgus deformity, the most frequent, the medial wall acts like a hinge creating intrinsic stability. The subtalar gap was measured and corticocancellous bone grafts of the correct size were taken from the iliac crest and driven across the subtalar joint. One or two of these grafts was usually placed in the posterior part of the joint, and one in the sinus tarsi. The remaining space was filled with cancellous bone. Stability was enhanced by additional staples or fixation by a lag screw (Fig. 2) .
The lower leg was immobilised in a cast for five days, followed by a period of function. After wound healing the patient was placed in a non-weight-bearing short-leg cast 613 for six weeks followed by a weight-bearing cast for another two to four weeks.
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Results
All patients studied at the time of follow-up had a solidly fused subtalar arthrodesis with correction. Two complications occurred; a superficial wound infection was treated with antibiotics and a subtalar nonunion was stabilised within six months of the initial operation. The mean postoperative period of recovery after which the patient could return to work or daily activities was six months (3 to 9). In 18 patients (82%) (19 feet), there was some residual pain; only four (18%) had no complaints. When the patients were asked to score their result on a scale from 0 to 10 we considered a score from 9 to 10 as excellent, 7 to 8 as good, 5 to 6 as fair, and lower than 5 as poor. The score was excellent in nine patients (39%), good in nine (39%; 10 feet), fair in two (9%) and poor in two (9%). Foot score. The assessments with respect to the modified foot score were excellent in two feet (9%), good in ten (44%), fair in seven (30%) and poor in four (17%). The mean preoperative subjective score from existing data and retrospective interview with the patient, and the mean subjective score at the time of follow-up were 25 and 45 points, respectively (p < 0.01). The mean objective scores of the operated and normal sides at the time of follow-up were 19 and 27 points, respectively (p < 0.01). Clinical and radiological measurements. After measuring the width of the heel with a calibrated device we found a mean of 6.7 cm (4.5 to 8) on the operated side and 6.2 cm (4.0 to 7.1) in the opposite heel, which indicated a significant difference (p > 0.04), although there was no correlation with the foot score (Table II) .
With respect to the tibiotalar joint on the operated side, we found an increase of three grades of degenerative changes in one foot, an increase of two in three, an increase of one in six and no increase at all in 16 feet. The corresponding numbers for the opposite side were zero, 1, 3 and 18. After statistical analysis there was no significant difference between the operated and contralateral feet with respect to the tibiotalar joint. 5 We also found degenerative changes in the calcaneocuboid joint in 17 out of the 23 operated feet and in the talonavicular joint in nine. On the normal side the talonavicular joint was normal in all feet and two showed changes in the calcaneocuboid. After measurement of the fibulocalcaneal distance, the height of the heel and of the fat pad, we found for the operated feet means of 0.4 cm (0 to 1.9), 8.6 cm (6.4 to 10.2) and 0.9 cm (0.1 to 2.1) and for the opposite side means of 0.9 cm (0 to 2.3), 8.8 cm (6.8 to 10.3) and 0.9 cm (0.1 to 1.5), respectively. Of these three measurements, only the fibulocalcaneal distance showed a significant difference (p < 0.01).
For the operated feet and normal feet, respectively, the arch angle was 48° (18 to 65) and 47° (29 to 59), the lateral talocalcaneal angle was 37° (13 to 52) and 41° (30 to 52) and the lateral talar declination angle was 15° (4 to 24) and 18° (11 to 26). None of these angles showed a significant difference (arch angle p < 0.40, lateral talocalcaneal angle p < 0.06, and talar declination angle p < 0.08). There was no correlation between the type of accident, the weight of the patient, the recovery period and the outcome of the modified foot score. 7 In Table II , we compare the outcome of the clinical and radiological measurements with the excellent, good, fair and poor scores of the modified foot score. This shows that, except for the height of the fat pad, no significant difference was found in the radiological variables which were measured in these groups of patients. 
Discussion
If there is considerable loss of height of the heel, subtalar arthrodesis with correction will restore both this and the tibiotalar relationship. Restoration of the height of the heel also decompresses the peroneal tendons and brings the insertion of tendo Achillis into an anatomical position. This improves the function of the gastrocnemius-soleus complex.
We achieved functional improvement with an excellent and good result in 51% of the cases. Subsequently, there was an excellent and good result in 78%.
There is a direct relationship between the results and the pathoanatomy, 7 but this study shows that there are still residual problems even after almost complete anatomical restoration. A comparison of the radiological and clinical variables between the excellent and good and the fair and poor groups (Table II) shows that none of the radiological features, except for the height of the fat pad, demonstrates a significant difference. Almost all residual problems were because of a painful heel pad and in some cases residual impingement. Other authors have also described these softtissue problems. 23 Our treatment of malunited fractures of the os calcis does not influence heel pain, but careful tenolysis of the peroneal tendons together with the arthrodesis has a significant influence on the pre-existing impingement.
In our patients the width of the heel and the arthritic changes in the calcaneocuboid joint did not produce a clinical problem. This study also shows the importance of the position of the talus with respect to the calcaneus. In an early study of Lindsay and Dewar 24 it was noted that 27%
of their patients complained of ankle pain and 20% lacked dorsiflexion to neutral. They thought that this was caused by damage to the cartilage of the ankle, shortening of tendo Achillis, and immobilisation in a cast, although they noticed, like us, that there was no correlation between the radiological findings of degenerative changes of the tibiotalar joint and the symptoms of pain in the anterolateral aspect of the ankle. Their attention was also attracted by the dorsiflexed position of the talus, especially after crush fractures. We found no significant difference between the operated feet and the control group with respect to the talocalcaneal relationship. Our technique restores this and relieves the impingement of the tibiotalar neck. There is controversy over the timing of an arthrodesis of the subtalar joint after intra-articular fractures of the os calcis. Some authors 19, 25 believe that these fractures are very disabling, and in almost all cases lead to a painful foot. It has been our experience, and that of others, 26, 27 that a significant number of patients have a satisfactory result within a year of conservative treatment. Therefore, only in cases of persistent complaints due to an incongruent subtalar joint and an altered shape of the foot do we recommend a secondary subtalar arthrodesis, and then not within one year of the fracture. Figure 3 shows the fracture of the os calcis at one and 22 years after the operation. The patient was satisfied with the final result. Subtalar correction arthrodesis after fractures of the os calcis is a useful method of treating a painful discongruent subtalar joint.
No benefits in any form have been received or will be received from a commercial party related directly or indirectly to the subject of this article. Radiographs showing a) a fracture of the left os calcis after one year, and b) and c) the result compared with the normal side 22 years after surgery.
